Beetroot is a vegetable that accumulate heavy metals. This is largely dependent on the cultivar, methods and growing conditions. The aim of the study was to determine the composition of elements in the roots of 15 cultivars of red beet. The analysis assessed the content of macroelements (Na, P) and heavy metals (Cd, Cr, Mn, Zn). Most soils of the Lesser Poland region are exposed to the impact of industrial and transportation pollution. The soils of this region are characterized by strong acidification as well as natural or increased heavy metal content. The experiment was set up at the experimental field of the Department of Vegetable and Medicinal Plants of the University of Agriculture in Krakow, in 2009Krakow, in -2010. On the basis of the performed analysis, 'Opolski' was chosen as the cultivar that was characterized by a high content of macroelements and lower ability to accumulate heavy metals than the other tested cultivars. The lowest ability to accumulate heavy metals (Cd and Cr) was found in the cases of cultivars with cylindrical root shapes, such as Rywal or Opolski. One can indicate such cultivars as Astar F 1 or Nabab F 1 as cultivars recommended for cultivation in ecologically threatened areas.
INTRODUCTION
The total content of mineral components in vegetables varies between 0.5 and 2.5% (Gawęda 1998). Both macro-and microelements have a range of important functions in the human body, and their levels and ratios affect people's health and metabolism of other food components (Śmigielska et al. 2005 , Kumar 2015 , Wruss et al. 2015 . Mineral components present in the body favourably affect the acid-base balance, neutralizing the acidifying effect of consuming fats, carbohydrates and proteins. In addition, mineral components are involved in processes related to the generation of energy, production and regulation of hormone levels and maintenance of immunity (Cieślik 2009 ). According to research conducted by Kotowska and Wybieralski (1999) , health-promoting effects result not only from the consumption of vegetables containing appropriate amounts of macro-and microelements, but also from appropriate ratios among different minerals contained in vegetables. Particular importance is attributed to three ratios: K:Mg, Ca:Mg and K:(Mg + Ca). Based on the study *Corresponding author.
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by Francke and Klasa (2009) , the recommended Ca:Mg ratio is 3. As Majkowska-Gadomska (2010) notes, drawing on the study by Radkowski et al. (2005) , the optimum K:Mg ratio is 6, and the K:(Mg + Ca) ratio should be in the range of 1.6-2.2. Red beets rank among Poland's most popular vegetables with respect to harvest amount. It should, however, be borne in mind that red beets accumulate considerable amounts of heavy metals which may be undesirable (Domagała-Świątkiewicz and Gąstoł 2012) . In fact, the degree of accumulation nitrates in red beets is from three to five times higher than in carrots (Biegańska-Marecik et al. 2007) . Heavy metals are accumulated in the process of ion uptake from the soil solution via roots and also as a result of dust accumulation on the leaf blades followed by their transport of the heavy metal ions into the plants (Grant et al. 1998) . Heavy metals induce a number of processes inside plants. They contribute to a change in the electrical potential of cell membranes or to a change in the pH of the cytoplasm, which ultimately leads to disturbances in plant metabolism (Wójcik and Tukendorf 1995) . Plants that accumulate heavy metals are also affected by disorders of water balance (Gawęda 1998). In addition, heavy metals contribute to the generation of peroxide free radicals, which can have an adverse effect on plants (Gambuś 1991, Parashar and Prasad 2013) . Heavy metal accumulation capacity depends primarily on the plant species and cultivar, but also on environmental conditions, particularly on the type of soil, grain size distribution, organic matter content, sorption properties and pH (Lorenz et al. 1997) . Furthermore, following Sękara and Poniedziałek (1999a,b) , a significant correlation has been found between the study location and the content of heavy metals. Red beets cultivated in areas with large amounts of industrial dusts accumulate excessive levels of cadmium, lead and zinc.
The most significant food contaminants on the world -due to their toxicity but also their widespread presence -are the heavy metals cadmium, lead and mercury (Bartodziejska et al. 2010) . The toxic effects triggered by these elements can become evident even after a few years of exposure. They contribute to the development of cancer, cardiovascular diseases, kidney disorders and diseases of the nervous system (Zglinicka 2002 , Dangour et al. 2009 
MATERIAL AND METHODS
The experiment was conducted in the experimental field of the Department of Vegetable and Medicinal Plants of the University of Agriculture in Krakow, in 2009 Krakow, in -2010 . Soil samples were collected for analysis prior to the sowing of red beet with a depth profile of 0-30 cm. The experiment was conducted on typical brown soil. The experimental field featured soil with typical pollution for the Krakow region. The soils of this region are typically characterized by strong acidification as well as natural or increased heavy metal content. On the field of the experiment, the soil has been shown to contain lower levels of heavy metals Cd, Cr and Zn in comparison with other measuring points located in the Krakow region (Report http://www.krakow.pios.gov.pl/ publik.php). A study conducted by KoncewiczBaran and Gondek (2010) Prior to sowing, the seeds were treated with the fungicide Funaben T (carbendazim, thiuram) from the Chemical Works Organika-Azot SA. The seeds were sown in both years of research on 01.07, using a seed drill. Plants were grown in the third year after organic manure was applied. Based on the results of the soil analysis, additional supplemental fertilization was applied in the spring (nitrate, granular superphosphate, potassium salt). Nutrients were maintained at a level of (mg dm -3 ) N -70, P -60, K -150 and Ca -1500. The cultivation of red beet was conducted on low ridges, with sowing in single rows. Thinning was performed in the 2-4 leaf stage, every 8-10 cm on average. There were 25 plants for each 1 m 2 of area. Plots were 6 m 2 of surface area and were arranged in a randomized block design with four replications. In the middle of the vegetative period, the plants were sprayed against Cercospora beticola with the fungicide Curzate (copper oxychloride, cymoxanil -Chemical Works Organika-Azot SA) at 20 g of the product per 10 litres of water. The field plots were hand weeded during the vegetation period. The beets were harvested in September in 2009, and in October in 2010. Then the roots that had reached a size adequate for sale were transferred to the laboratory. The roots were washed, cleaned and prepared immediately for further testing. 30 representative roots of each cultivar were taken for laboratory tests and the analysis was performed in triplicate.
The mineral composition of the roots was assessed by the method of atomic absorption proposed by Pinta (1977) , which involves the absorption of radiation by elements in the vapour state. In order to transform mineral components into ions, the samples were subjected to dry mineralization. The assay was performed on a Varian Spectr AA-20 (Varian Techtron Pty, Australia).
The obtained results were analysed with Statistica 9.0 software, using the Tukey HSD test at a level of significance of p < 0.05. Different letters describe the significantly different values, whereas values with no statistical differences are denoted by the same letter.
RESULTS AND DISCUSSION
The weather conditions in 2009-2010 were quite different. Exceptionally unfavourable weather occurred in 2010, with large amounts of rainfall during the entire growth period -particularly in the last decades (here and in further appearances means 10 successive days) of July and August, when the plot area was temporarily flooded. The highest temperatures were recorded in July in each year. The warmest period was the second week of July in 2010. In contrast, the coldest period was the second decade of October in 2010. The bad weather in 2010 delayed the harvest of roots by around a month (Figs 1 and 2 ).
In the conducted experiment the content of macronutrients in 15 cultivars of red beet were determined. The content of sodium and phosphorus The heavy metal content was determined taking into account zinc and manganese, cadmium and chromium. For zinc and manganese, the same trends as in the case of macronutrients were observed. In 2010, the content of these elements was lower than in the first year of the study. The zinc content in 2009 ranged from 25.78 μg g -1 DW to 99.02 μg g -1 DW. In 2010 it ranged from 24.25 μg g -1 DW to 44.35 μg g -1 DW. In 2009, the lowest content of zinc was found in the Boro F 1 cultivar, and the highest in 'Nochowski'. A year later, among the analysed cultivars, 'Nochowski' showed the biggest decline in the zinc content -60% compared to 2009. In 2010, the lowest content of zinc was also shown in the roots of 'Boro' F 1 , as well as in 'Astar' F 1 , 'Opolski' and 'Rywal'. The highest was in 'Karmazyn', but it did not differ significantly from the others ('Ceryl', 'Czerwona Kula', 'Karmazyn', 'Nochowski', 'Regulski Cylinder' and 'Regulski Okrągły'). The studies conducted by Sękara et al. (2005) for the Czerwona Kula cultivar of beet showed the Zn content to be 52.1-309 mg kg -1 DW. In this study, 'Czerwona Kula' red beet roots had an average of 47.92 μg g -1 DW. This result, which was lower compared to the before mentioned study, may be caused by soil or atmospheric conditions.
In 2009, the manganese content was higher than in 2010 and ranged from 12.86 μg g content of manganese, however, it did not differ significantly from 'Egipski' and 'Karmazyn'. The richest in manganese were roots of 'Regulski Okrągły', 'Astar' F 1 , 'Boro' F 1 , 'Ceryl', 'Chrobry', 'Czerwona Kula', 'Nabab' F 1 and 'Nochowski' (Tab. 3). Tymińska-Zawora and Kochańska (1982) reported that red beets exhibit a particular tendency for the accumulation of manganese. Other factors contributing to the high content of manganese in the roots include low pH and high soil humidity, as they trigger a reduction of divalent forms, which are the easiest to be transported and absorbed within the plant (Dubiel 1978) . The effect of significant Mn accumulation was not observed in this research, which can be explained by neutral soil pH. According to Sękara and Poniedziałek (1999b) , the Table 2 content of manganese in red beet roots ('Czerwona Kula') was between 37.4 and 71.6 mg kg -1 DW. This range clearly demonstrates a variability in the accumulation of the metal depending on the cultivation conditions. Studies by Szopińska and Gawęda (2013) showed that weather conditions had an impact on the content of copper, zinc, potassium, magnesium and calcium in the roots of cultivated beets. As Mercik (2002) noted, excessive rainfall may contribute to the leaching of minerals or their displacement with the solid phase of the soil. In the present experiment, the levels of macroelements were also found to be lower in the second year of the study, which may have coincided with a very high amount of rainfall throughout the entire vegetative period. The conducted research also allowed us to specify the content of macroelements (Ca, K, Mg), microelements (Cu, Fe) and heavy metals (Ni, Pb) in soil with pollution typical for the Krakow region (Nizioł-Łukaszewska and Gawęda 2015) .
Previous research has shown that the content of mineral components identified in the roots of beets cultivated using organic or conventional methods can be significantly influenced by the method of cultivation (Domagała-Świątkiewicz and Gąstoł 2013) . The content of phosphorus in organically grown beet roots was demonstrated to be significantly higher (Szopińska and Gawęda 2013) . Different conclusions were reached in the study by Mader et al. (1993) . The researchers failed to show any differences in the level of phosphorus in the roots cultivated by conventional, organic and integrated methods.
In the case of cadmium and chromium, the opposite trend as compared to the other elements was observed. The research showed that the content of these elements in the roots of beet in 2009 was lower than in 2010. It also showed that cultivars with a cylindrical root shape such as 'Rywal' and 'Opolski' cumulated heavy metals in the lowest degree. In 2009, the lowest content was also demonstrated for a cultivar with a cylindrical shaped root -Regulski Cylinder (0.30 μg g -1 DW). However, this cultivar was not significantly different from the other 10 analysed cultivars. The highest content of cadmium was shown for the cultivar Ceryl -0.94 μg g -1 DW -which did not differ significantly from 'Chrobry' and 'Nochowski'. In 2010 the cadmium content ranged from 0.59 μg g -1 DW ('Opolski' and 'Regulski Okrągły') to 0.94 μg g -1 DW ('Karmazyn'). The chromium content in the analysed beet roots in 2009 ranged from 0.59 μg g -1 DW ('Boro' F 1 ) to 2.80 μg g -1 DW ('Regulski Cylinder'). In 2010, the chromium content was higher and ranged from 2.17 μg g -1 DW ('Opolski') to 3.86 μg g -1 DW ('Ceryl') (Tab. 4).
According to Grembecka et al. (2008) , the level of chromium in the roots of red beets was 0.004 -0.005 mg 100g g -1 DW. For nickel, the value was Table 2 0.003-0.004 mg 100 g -1 DW. In contrast, KabataPendias and Pendias (1999) claim the content of Cr in garden vegetables to be in the range of 0.02 -0.15 mg kg -1 DW. The differences between test results may be caused by such factors as weather conditions, soil and cultivar. featured Under the Commission Regulation (EU) of 29 April 2011, more rigorous requirements were adopted for the maximum levels of heavy metals, amounting to 0.10 mg kg -1 DW for Cd. Converted to the dry weight of beets, the mean maximum level of Cd is 0.67 mg kg -1 DW. For cadmium, the maximum permissible levels were exceeded in six of the cultivars investigated in the study (Ceryl, Chrobry, Czerwona Kula, Egipski, Karmazyn and Patryk).
CONCLUSIONS
1. Based on the survey performed in 2009, the authors demonstrated a lower average content of Na, P, Mn and Zn compared to 2010. In the case of Cd and Cr, an inverse trend was observed.
2. The Opolski cultivar was chosen as the one that was characterized by a high content of macroelements and lower ability to accumulate heavy metals than the other cultivars tested.
3. Cultivars with cylindrical shaped roots such as Rywal or Opolski cumulated the least heavy metals (Cd and Cr). Such cultivars as Astar F 1 , Nabab F 1 can also be recommended for ecologically threatened areas.
4. For cadmium, the maximum permissible levels were exceeded in six of the cultivars investigated in the study (Ceryl, Chrobry, Czerwona Kula, Egipski, Karmazyn and Patryk).
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